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(57) Abstract : 

PROBLEM TO BE SOLVED: To actualize balancing operation which has a 
ground potential at a neutral terminal and obtain an unbalanced input- 
balanced output adaptive filter by adopting series constitution which 
has two parallel elements on the input side and one shape-inverted 
element on its output side. 

SOLUTION: Surface acoustic wave filter 3a and 3c are electrically 
cascaded through ground electrodes 5a and 5b and surface acoustic wave 
filters 3b and 4 are similarly cascaded through ground electrodes 5b and 
5c. Input terminals of the surface acoustic wave filters 3a and 3b are 
electrically connected in parallel and let out to an input balanced 
terminal 6 and ground terminals 7a and 7b, and surface acoustic wave 
filters 3c and 4 are electrically connected in series through a series 



connection electrode 8 and then led out to output-side balanced 
terminals 9a and 9b. The surface acoustic wave filters 3a to 3c have the 
same amplitude and phase characteristics in the band of input/output 
transmission characteristics and the surface acoustic wave filter 4 has 
input/output phase characteristics which are approximately 180° 
different from the surface acoustic wave filters 3a to 3c. 
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CLAIMS 
[Claim(s) ] 

[Claim 1] It is surface acoustic wave filter equipment. The 1st cascade 



connection surface acoustic wave filter with which the I/O phase in the 
surface acoustic wave filter in which the I/O phase in the passband of 
said surface acoustic wave filter equipment has a predetermined value, 
and said passband carried out cascade connection of the surface acoustic 
wave filter with which said predetermined values differ 180 abbreviation, 
It has the 2nd cascade connection surface acoustic wave filter which 
carried out cascade connection of the surface acoustic wave filter in 
which the I/O phase in said passband has said predetermined value, and 
the surface acoustic wave filter in which the I/O phase in said passband 
has said predetermined value. Parallel connection of one input/output 
terminal of said 1st cascade connection surface acoustic wave filter and 
one input/output terminal of said 2nd cascade connection surface 
acoustic wave filter is carried out electrically, and they constitute an 
unbalance input/output terminal. The input/output terminal of another 
side of said 1st cascade connection surface acoustic wave filter and the 
input/output terminal of another side of said 2nd cascade connection 
surface acoustic wave filter are surface acoustic wave filter equipment 
characterized by carrying out series connection electrically and 
constituting the balanced input/output terminal. 

[Claim 2] Surface acoustic wave filter equipment according to claim 1 
characterized by having made into the output terminal the balanced 
input/output terminal which is the series connection side of said 1st 
cascade connection surface acoustic wave filter and said 2nd cascade 
connection surface acoustic wave filter, and using the series connection 
point in this output terminal as an earth terminal. 

[Claim 3] The surface acoustic wave filter with which the I/O phase in 
said passband differs from said predetermined value 180 abbreviation 
among the surface acoustic wave filters which constitute said 1st 
cascade connection surface acoustic wave filter While having the output 
IDT of the reverse sense to the input IDT of the surface acoustic wave 
filter in which the I/O phase in said passband has said predetermined 
value among the surface acoustic wave filters which constitute said 1st 
cascade connection surface acoustic wave filter As opposed to the output 
IDT of the surface acoustic wave filter in which the I/O phase in said 
passband has said predetermined value among the surface acoustic wave 
filters which constitute said 1st cascade connection surface acoustic 
wave filter Surface acoustic wave filter equipment according to claim 1 
or 2 characterized by having the input IDT of the same sense. 
[Claim 4] The surface acoustic wave filter with which the I/O phase in 
said passband differs from said predetermined value 180 abbreviation 
among the surface acoustic wave filters which constitute said 1st 



cascade connection surface acoustic wave filter While having the output 
IDT of the same sense to the input IDT of the surface acoustic wave 
filter in which the I/O phase in said passband has said predetermined 
value among the surface acoustic wave filters which constitute said 1st 
cascade connection surface acoustic wave filter As opposed to the output 
IDT of the surface acoustic wave filter in which the I/O phase in said 
passband has said predetermined value among the surface acoustic wave 
filters which constitute said 1st cascade connection surface acoustic 
wave filter Surface acoustic wave filter equipment according to claim 1 
or 2 characterized by having the input IDT of the reverse sense. 
[Claim 5] The surface acoustic wave filter with which the I/O phase in 
said passband differs from said predetermined value 180 abbreviation 
among the surface acoustic wave filters which constitute said 1st 
cascade connection surface acoustic wave filter The I/O phase in said 
passband said predetermined value Electrode finger spacing of the input 
IDT of a surface acoustic wave filter and an output IDT which it has is 
surface acoustic wave filter equipment according to claim 1 or 2 
characterized by having electrode finger spacing of Input IDT and an 
output IDT from which only 0. 5 waves of integral multiples differ. 
[Claim 6] Surface acoustic wave filter equipment according to claim 3 or 
4 characterized by making the same the electrode finger number of the 
electrode finger which the common electrode connected to the balanced 
input/output terminal of the surface acoustic wave filter which 
constitutes the electrode finger number of the electrode finger which 
the common electrode connected to the balanced input/output terminal of 
the surface acoustic wave filter which constitutes said 1st cascade 
connection surface acoustic wave filter has, and said 2nd cascade 
connection surface acoustic wave filter has. 

[Claim 7] The surface acoustic wave filter which constitutes the surface 
acoustic wave filter which constitutes said 1st cascade connection 
surface acoustic wave filter, and said 2nd cascade connection surface 
acoustic wave filter is surface acoustic wave filter equipment according 
to claim 3 or 4 characterized by being constituted by IDT which consists 
of even inputs or output-electrode fingers, respectively. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to surface acoustic wave 

filter equipment. 

[0002] 

[Description of the Prior Art] In recent years, the miniaturization of a 
mobile terminal and low-pricing progress and reduction and compound- 
izing of components are considered also in the circuitry of a set. Low 
loss-ization progresses and surface acoustic wave filter equipment in 
recent years has come to be used also for the antenna top section. The 
example of use of the surface acoustic wave filter equipment in a mobile 
terminal is shown in drawing 17 taking the case of a receiving side (RX). 
Generally it is inputted into surface acoustic wave filter equipment 
(SAW) with the characteristic impedance of 50 ohms with an unbalance 
terminal through a switch (SW) from an antenna (ANT). On the other hand, 
amplifier (LNA) is a balanced terminal in an actuation magnification 
mold in many cases, and if it is used as an unbalance terminal, it needs 
the input in the characteristic impedance of about 150-200-ohm system. 
However, generally, the 1/0 impedance of surface acoustic wave filter 
equipment (SAW) itself needed the matching circuit for impedance 
conversion, and the unbalance-balance sensing element to connect with an 
amplifier (LNA) side, even if connectable [ 50 ohms was in use and ] 
with the antenna (ANT) side as it is, since it was moreover the 
input/output terminal of unbalance. Although the balun circuit (balun) 
was used conventionally, since it had become increase of components mark, 
and the cause of cost quantity, the demand of losing a matching circuit 
and an unbalance-balance sensing element had arisen. 

[0003] Since it corresponds to this demand, many researches are recently 
made. For example, the filter of a balanced input-balanced output is 
realized by connecting a surface acoustic wave resonator to a symmetry 
skeleton pattern in JP, 7-288442, A. 

[0004] The configuration of the surface acoustic wave filter equipment 
of JP, 7-288442, A is shown in drawing 18 . As shown in drawing 18 , 



surface acoustic wave filter equipment 100 consists of two serial arm 
resonators 101, 101 and two juxtaposition arm resonators 102, 102. The 
input terminal of the serial arm resonator 101 and the juxtaposition arm 
resonator 102 is connected to the input terminal 105, and the input 
terminal of the serial arm resonator 101 and the juxtaposition arm 
resonator 102 is connected to the input terminal 106. 
[0005] The output terminal of the serial arm resonator 101 and the 
juxtaposition arm resonator 102 is connected to the output terminal 107, 
and the output terminal of the serial arm resonator 101 and the 
juxtaposition arm resonator 102 is connected to the output terminal 108. 
[0006] Moreover, the inductor 109 is connected to the serial at all the 
resonators 101-102. 

[0007] The surface acoustic wave filter equipment of a balanced input- 
balanced output is realized by making it such a configuration. However, 
since it cannot be used for an unbalanced input-balanced output with 
this configuration, it is 1996. IEEE MTT-S Digest The output IDT was 
connected to the input terminals 105 and 106 of the surface acoustic 
wave filter equipment of drawing 18 by having used one side of Input IDT 
as the earth terminal like "A New Balanced-Unbalanced Type RF-Band SAW 
Filter" of A-WE15 (p417-420) publication, and JP, 8-65098, A, and the 
unbalanced input-balanced output is realized. 
[0008] 

[Problem (s) to be Solved by the Invention] However, although the filter 
of an unbalanced input-balanced output was realizable according to the 
approach of JP, 8-65098, A, the characteristic impedance of surface 
acoustic wave filter equipment itself needed the matching component for 
impedance matching for connection by the side of the amplifier which 1/0 
can still consist of only same impedances like 50ohms - 50 ohm, but has 
the input impedance of about 150 to 200 system. Moreover, since the 
balanced output realized only the configuration of a float mold, it had 
the problem that unbalance out of band was imperfect and a direct wave 
was not canceled enough. 

[0009] Moreover, with the surface acoustic wave filter equipment of a 
float mold, since the earth terminal existed, the output side terminal 
was influenced [ the ] and the filter input side had the trouble of 
changing a filter shape from a desired value. 

[0010] Furthermore, in order to connect without a matching circuit an 
amplifier side, the impedance of an output side needs to be 4 times 
[ about 3 times to ] the about 150-200-ohm system, i. e. , an input-side 
impedance, rather than is the same to an input side. For the imbalanced 
impedance configuration, this problem that a mismatching loss increased 



existed only by the design with a surface acoustic wave filter simple 
substance. 

[0011] the characteristic impedance from which this invention solves the 
problem on such impedance matching, and the imperfection of unbalance at 
once, and balanced actuation which has touch-down potential in a neutral 
terminal is realized, and I/O differs — also receiving — unbalanced 
input-balance appearance — powerful — it is — it aims at offering the 
surface acoustic wave filter corresponding to a balanced input- 
unbalanced output. 
[0012] 

[Means for Solving the Problem] so, with the surface acoustic wave 
filter equipment concerning claim 1 of this invention The 1st cascade 
connection surface acoustic wave filter with which the I/O phase in the 
surface acoustic wave filter in which the I/O phase in the passband of 
surface acoustic wave filter equipment has a predetermined value, and 
said passband carried out cascade connection of the surface acoustic 
wave filter with which said predetermined values differ 180 abbreviation, 
It has the 2nd cascade connection surface acoustic wave filter which 
carried out cascade connection of the surface acoustic wave filter in 
which the 1/0 phase in said passband has said predetermined value, and 
the surface acoustic wave filter in which the 1/0 phase in said passband 
has said predetermined value. Parallel connection of one input/output 
terminal of said 1st cascade connection surface acoustic wave filter and 
one input/output terminal of said 2nd cascade connection surface 
acoustic wave filter is carried out electrically, and they constitute an 
unbalance input/output terminal. Series connection of the input/output 
terminal of another side of said 1st cascade connection surface acoustic 
wave filter and the input/output terminal of another side of said 2nd 
cascade connection surface acoustic wave filter is carried out 
electrically, and they constitute the balanced input/output terminal. 
[0013] Thus, since IDT connected to interstage by carrying out two or 
more step cascade connection can be considered as a configuration 
without an earth terminal, a buffer effect can be given. Furthermore, 
since it is considering as the serial configuration used as the 
component to which an input side carries out two juxtaposition, and the 
output side carried out phase inversion of one of two elements, moreover, 
a balanced output is obtained by about 4 times to an input impedance. 
[0014] Moreover, with the surface acoustic wave filter equipment 
concerning claim 2, the balanced input/output terminal which is the 
series connection side of said 1st cascade connection surface acoustic 
wave filter and said 2nd cascade connection surface acoustic wave filter 



is made into an output terminal, and the series connection point in this 
output terminal is used as the earth terminal. 

[0015] Thereby, the balanced actuation which makes touch-down potential 
neutral potential is realizable. 

[0016] With the surface acoustic wave filter equipment concerning claim 

3 The surface acoustic wave filter with which the I/O phase in said 
passband differs from said predetermined value 180 abbreviation among 
the surface acoustic wave filters which constitute said 1st cascade 
connection surface acoustic wave filter While having the output IDT of 
the reverse sense to the input IDT of the surface acoustic wave filter 
in which the 1/0 phase in said passband has said predetermined value 
among the surface acoustic wave filters which constitute said 1st 
cascade connection surface acoustic wave filter It has the input IDT of 
the same sense to the output IDT of the surface acoustic wave filter in 
which the 1/0 phase in said passband has said predetermined value among 
the surface acoustic wave filters which constitute said 1st cascade 
connection surface acoustic wave filter. 

[0017] With the surface acoustic wave filter equipment concerning claim 

4 The surface acoustic wave filter with which the 1/0 phase in said 
passband differs from said predetermined value 180 abbreviation among 
the surface acoustic wave filters which constitute said 1st cascade 
connection surface acoustic wave filter While having the output IDT of 
the same sense to the input IDT of the surface acoustic wave filter in 
which the 1/0 phase in said passband has said predetermined value among 
the surface acoustic wave filters which constitute said 1st cascade 
connection surface acoustic wave filter It has the input IDT of the 
reverse sense to the output IDT of the surface acoustic wave filter in 
which the 1/0 phase in said passband has said predetermined value among 
the surface acoustic wave filters which constitute said 1st cascade 
connection surface acoustic wave filter. 

[0018] With the surface acoustic wave filter equipment concerning claim 
5, the surface acoustic wave filter with which the 1/0 phase in said 
passband differs 180 abbreviation from said predetermined value among 
the surface acoustic wave filters which constitute said 1st cascade- 
connection surface acoustic wave filter has electrode finger spacing of 
Input IDT and an output IDT from which, as for electrode finger spacing 
of the input IDT of a surface acoustic wave filter, and an output IDT in 
which the 1/0 phase in said passband has said predetermined value, only 
0. 5 waves of integral multiples differ. 

[0019] Thus, the sense of the input IDT of the side connected to 
interstage or an output IDT can be changed, or a phase can be reversed 



when only about 0. 5 waves or the integral multiple of those changes I/O 
IDT spacing of the target component to other components. 
[0020] The electrode finger number of the electrode finger which the 
common electrode connected to the balanced input/output terminal of the 
surface acoustic wave filter which constitutes the electrode finger 
number of the electrode finger which the common electrode connected to 
the balanced input/output terminal of the surface acoustic wave filter 
which constitutes said 1st cascade connection surface acoustic wave 
filter has, and said 2nd cascade connection surface acoustic wave filter 
from surface acoustic wave filter equipment concerning claim 6 has is 
made the same. 

[0021] Thus, since the common electrode of the side drawn to a balanced 
input/output terminal is making it the electrode finger number with the 
electrode finger number same [ the 1st and 2nd cascade connection 
surface acoustic wave filters ], oppression of a direct wave is more 
greatly possible. 

[0022] The surface acoustic wave filter which constitutes the surface 
acoustic wave filter which constitutes said 1st cascade connection 
surface acoustic wave filter, and said 2nd cascade connection surface 
acoustic wave filter is constituted from surface acoustic wave filter 
equipment concerning claim 7 by IDT which consists of even inputs or 
output-electrode fingers, respectively. 

[0023] Change of the parasitic capacitance produced when the sense of 
the input IDT indicated to claim 3 or claim 4 or an output IDT is 
changed by this and phase inversion is carried out can be prevented. 
[0024] 

[Embodiment of the Invention] Hereafter, it explains to a detail using a 
drawing. 

[0025] Drawing 1 is the block diagram of the surface acoustic wave 
filter equipment in the 1st example concerning this invention. In 
drawing 1 , surface acoustic wave filter equipment 1 is formed on the 
piezo-electric substrate 2, and the surface acoustic wave filters 3a, 3b, 
and 3c the amplitude in a band and whose phase characteristics are 
equivalent three, and they consist of surface acoustic wave filters 4 
which have the phase characteristic of a difference about 180 degrees in 
the transmission characteristic of 1/0. 

[0026] Cascade connection of the surface acoustic wave filters 3a and 3c 
is electrically carried out through the connection electrodes 5a and 5b, 
and cascade connection also of the surface acoustic wave filters 3b and 
4 is similarly carried out through the connection electrodes 5b and 5c. 
Moreover, parallel connection of the input terminal of the surface 



acoustic wave filters 3a and 3b is carried out electrically, and it is 
drawn to 7a and 7b which are the input unbalance terminal 6 and its 
earth terminal. On the other hand, after series connection of the 
surface acoustic wave filters 3c and 4 is electrically carried out 
through the series connection electrode 8, each is drawn from them to 
the output side balance terminals 9a and 9b. 

[0027] Moreover, surface acoustic wave filter 3a and surface acoustic 
wave filter 3c have Input IDT and the output IDT of the same sense. 
[0028] The surface acoustic wave filter 4 serves as the sense as the 
output IDT of surface acoustic wave filter 3b with the same input IDT, 
and the output IDT serves as sense contrary to the input IDT of surface 
acoustic wave filter 3b. 

[0029] in addition, IDT and the reflector of each surface acoustic wave 
filter — the electrode finger — since many logarithms cannot indicate, 
it has simplified for convenience' sake. 

[0030] According to this structure, the surface acoustic wave filters 3a, 
3b, and 3c become the same [ the amplitude and phase characteristic in 
the band in the transmission characteristic of 1/0 ], and the phase 
characteristic of 1/0 is changing the surface acoustic wave filter 4 
about 180 degrees to the surface acoustic wave filters 3a, 3b, and 3c. 
[0031] Actuation with this configuration is explained. The RF signal 
from an input side is inputted from the unbalance terminal 6, and after 
the signal is changed into a surface wave in the surface acoustic wave 
filters 3a and 3b, it turns into an electrical signal again and is drawn 
by Electrodes 5a, 5b, and 5c. Since the input side of surface acoustic 
wave filter equipment 1 is connected to the unbalanced input terminal 6 
and earth terminals 7a and 7b here, touch-down potential exists. The 
input signal electrical potential difference in the unbalanced input 
terminal 6 to the earth terminals 7a and 7b of an input side minds 
surface acoustic wave filter equipment 1. Balanced terminal 9a of an 
output side, Since it is changed into the signal level between 9b, when 
the effect of the touch-down potential of an input side attains to an 
output side, this amplitude perfect between output side balance 
terminals, Although the signal of an opposite phase is not acquired, 
since the earth terminal is not formed in the electrodes 5a, 5b, and 5c 
connected to a latter surface acoustic wave filter with surface acoustic 
wave filter equipment 1 An input signal is transmitted to surface 
acoustic wave filter 3c and the surface acoustic wave filter 4, without 
being influenced of earth terminals 7a and 7b. in addition — and since 
the surface acoustic wave filter 4 changes the sense of an output IDT 
and is giving the phase inversion function, the signal of opposition is 



mutually outputted to the balanced output terminals 9a and 9b. 
[0032] Drawing 2 considers the surface acoustic wave filter equipment 1 
shown in the 1st above mentioned example as a component of three ports, 
and measures the transmission characteristic of 50-ohm system. In 
drawing 2 , a continuous line indicates the transmission characteristic 
(S31) between output side balance terminal 9b (port 3) to be the input- 
side unbalance terminal 6 (port 1) in drawing 1 which shows the 1st 
example, and the broken line in drawing 2 shows the transmission 
characteristic (S21) between the input-side balance terminal 6 (port 1) 
and output side unbalance terminal 9a (port 2). Here, termination of the 
terminal which is not measured is carried out by 50 ohms. 
[0033] The 1/0 impedance of surface acoustic wave filter equipment 1 is 
explained, the surface acoustic wave filters 3a, 3b, and 3c and the 
surface acoustic wave filter 4 — the sense of an output IDT — removing 
— the same electrode finger decussation width of face and IDT — since 
it has a logarithm, it has the same characteristic impedance Z0. Here, 
since the surface acoustic wave filters 3a and 3b are electrically 
connected to juxtaposition, the impedances seen from the unbalanced 
input terminal 6 are Z0/2. On the other hand, since series connection of 
surface acoustic wave filter 3c and the surface acoustic wave filter 4 
is carried out electrically, the impedance seen from the balanced output 
terminals 9a and 9b is 2Z0. If each surface acoustic wave filter is 
designed so that it may follow, for example, may become the 
characteristic impedance of 100-ohm system, a surface acoustic wave 
filter with an input impedance [ of 50 ohms ] and an output impedance of 
200 ohms is realizable. 

[0034] In addition, although the configuration of the input IDT of the 
surface acoustic wave filter 4 was made into the same sense as the 
configuration of the output IDT of surface acoustic wave filter 3b and 
the configuration of the output IDT of the surface acoustic wave filter 
4 was made into the sense contrary to the configuration of the input IDT 
of surface acoustic wave filter 3b in this example The configuration of 
the input IDT of the surface acoustic wave filter 4 is made into the 
sense contrary to the configuration of the output IDT of surface 
acoustic wave filter 3b, and it is good for the reverse instead of what 
is restricted to this in the configuration of the output IDT of the 
surface acoustic wave filter 4 as for same sense as the configuration of 
the input IDT of surface acoustic wave filter 3b. 
[0035] Next, the 2nd example is explained. Drawing 3 is the block 
diagram of the surface acoustic wave filter equipment 11 in the 2nd 
example concerning this invention. In addition, since the fundamental 



configuration of surface acoustic wave filter equipment 11 is the same 
as that of the 1st example, the same sign is given to the same part as 
the 1st example shown in drawing 1 , and detailed explanation is omitted. 
[0036] As shown in drawing 3 , surface acoustic wave filter equipment 11 
consists of four surface acoustic wave filters formed on the piezo- 
electric substrate 2. 

[0037] A different point from the 1st example is a point that each is 
drawn for the output IDT of surface acoustic wave filter 3c and the 
surface acoustic wave filter 4 by the earth terminal 18 by this example 
to the output IDT of surface acoustic wave filter 3c and the surface 
acoustic wave filter 4 having carried out series connection electrically 
with the series connection electrode 8 in the 1st example. 
[0038] Drawing 4 measures the same transmission characteristic (S21 and 
S31) as drawing 2 for surface acoustic wave equipment 11 in the 
configuration shown in the 2nd example. That is, the continuous line 
showed the transmission characteristic (S31) between the input-side 
unbalance terminal 6 (port 1) and output side balance terminal 9b (port 
3), and the broken line showed the transmission characteristic (S21) 
between the input-side unbalance terminal 6 (port 1) and output side 
balance terminal 9a (port 2) in Here, termination of the 

terminal which is not measured is carried out by 50 ohms. As compared 
with drawing 2 which shows the transmission characteristic of the 1st 
example, an improvement of about lOdB is found with a nearly 1GHz direct 
wave so that drawing 4 may show. 

[0039] Moreover, drawing 5 is the result of showing the transmission 
characteristic (S21) acquired after balanced output actuation in this 
example. These results are the transmission characteristics after 
connecting to the output side balance terminals 9a and 9b of surface 
acoustic wave filter equipment 11 the component (balun) which changes 
the balanced output of 200-ohm system into the unbalanced output of 50- 
ohm system. 

[0040] Therefore, since the balanced actuation which makes touch-down 
potential neutral potential is realizable according to the configuration 
of the 2nd example, the surface acoustic wave filter which could oppress 
the direct wave compared with float actuation, and was excellent in 
unnecessary wave oppression is realizable. 

[0041] Next, the 3rd example is explained. Drawing 6 is the block 
diagram of the surface acoustic wave filter equipment 21 in the 3rd 
example concerning this invention. Since the fundamental configuration 
of surface acoustic wave filter equipment 21 is the same as that of the 
2nd example, the same sign is given to the same part and detailed 



explanation is omitted. 

[0042] It is the point that surface acoustic wave filter 3a and surface 
acoustic wave filter 23c have Input IDT and the output IDT of the 
reverse sense by this example to surface acoustic wave filter 3a and 
surface acoustic wave filter 3c having had Input IDT and the output IDT 
of the same sense in the 2nd example in a different point from the 2nd 
example. 

[0043] This is for making it the common electrode of a near electrode 
finger connected with the common electrode of a near electrode finger 
connected to output balance terminal 9a of surface acoustic wave filter 
23c at output balance terminal 9b of the surface acoustic wave filter 4 
turn into a common electrode by the side of the same electrode finger 
number. Namely, as shown in drawing 6 , a common electrode with the 
electrode finger located in the outermost part in the output IDT 
connected to output balance terminal 9a of surface acoustic wave filter 
23c is connected to a grounding terminal 18. The earth terminal 18 was 
connected to the common electrode with the electrode finger located in 
the outermost part in the output IDT of the side which connects another 
common electrode to output balance terminal 9a, and is connected to 
output balance terminal 9b of the surface acoustic wave filter 4, and 
output balance terminal 9b is connected to another common electrode. 
[0044] In addition, direct continuation of the output balance terminal 
9a is carried out to a common electrode with the electrode finger 
located in the outermost part contrary to drawing 6 in the output IDT 
connected to output balance terminal 9a of surface acoustic wave filter 
23c. Direct continuation of the output balance terminal 9b is carried 
out to a common electrode with the electrode finger located in the 
outermost part in the output IDT of the side connected to output balance 
terminal 9b of the surface acoustic wave filter 4, each will accept 
while output IDT and a common electrode may be connected to an earth 
terminal 18. That is, whichever is sufficient as long as the electrode 
finger number of the near common electrode connected to output balance 
terminal 9b of the electrode finger number of the near common electrode 
connected to output balance terminal 9a of surface acoustic wave filter 
23c and the surface acoustic wave filter 4 is set as the common 
electrode by the side of the same electrode finger number. 
[0045] The effectiveness of this example is explained to a detail. 
Drawing 7 considers surface acoustic wave filter equipment 21 as a 
component of three ports in this example, and measures the transmission 
characteristic of 50-ohm system. In drawing 7 , the continuous line 
showed the transmission characteristic (S31) between the input-side 



unbalance terminal 6 (port 1) and output side balance terminal 9b (port 
3), and the broken line showed the transmission characteristic (S21) 
between the input-side balance terminal 6 (port 1) and output side 
unbalance terminal 9a (port 2) in Here, termination of the 

terminal which is not measured is carried out by 50 ohms. 
[0046] It is desirable that it is this amplitude equiphase outside the 
passband which is this amplitude opposite phase in the pass band through 
which a signal required in order to obtain a high S/N ratio in balanced 
output actuation passes, and has an unnecessary signal. Moreover, since 
passband outside has the dominant direct wave component, an inphase 
property is acquired, but if there are few amplitude differences, it is 
obvious that whenever [ oppression ] deteriorates. Here, according to 
this example, it turns out that it sets out of band between balanced 
output side terminals, and this amplitude is obtained so that clearly 
from the result of drawing 7 . Drawing 8 is the result of showing the 
transmission characteristic (S21) acquired after balanced output 
actuation in this example. These results are the transmission 
characteristics after connecting to the output side balance terminals 9a 
and 9b of surface acoustic wave filter equipment 21 the component 
(balun) which changes the balanced output of 200-ohm system into the 
unbalanced output of 50-ohm system. According to this example, in the 
above mentioned comparison of drawing 5 of the 2nd example, and drawing 
8 of this example, it is clear for oppression of a direct wave to be 
more greatly possible. 

[0047] Next, the 4th example is explained. Drawing 9 is the block 
diagram of the surface acoustic wave filter equipment 31 in the 4th 
example concerning this invention. Since the fundamental configuration 
of surface acoustic wave filter equipment 31 is the same as that of the 
2nd example, the same sign is given to the same part and detailed 
explanation is omitted. 

[0048] It is the point that the sense of Input IDT or an output IDT 
remains as it is, and other surface acoustic wave filters 3a, 3b, and 3c 
are changing about 0. 5 waves of electrode finger spacing of the 1/0 IDT 
of the surface acoustic wave filter 34 to a different point from the 2nd 
example having changed the sense of the input side IDT of the surface 
acoustic wave filter 4 in the 2nd example. 

[0049] drawing 10 — a part of surface acoustic wave filter 3c and 
surface acoustic wave filter 34 neighborhood — it is an enlarged 
drawing. As shown in drawing 10 , electrode finger spacing of the 1/0 
IDT of surface acoustic wave filter 3c is set as 0. 75 waves. Moreover, 
although not illustrated to drawing 10 R> 0, the surface acoustic wave 



filters 3a and 3b have set electrode finger spacing of I/O IDT as 0. 75 
waves similarly. On the other hand, electrode finger spacing of the 
surface acoustic wave filter 34 is set as 1. 25 waves. That is, 0. 5 waves 
of electrode finger spacing of the surface acoustic wave filter 34 is 
changed in general compared with electrode finger spacing of other 
surface acoustic wave filters 3a, 3b, and 3c. 

[0050] The phase characteristic of 1/0 of the surface acoustic wave 
filter 34 can make it differ about 180 degrees to other surface acoustic 
wave filters 3a, 3b, and 3c by changing about 0. 5 waves of electrode 
finger spacing of the 1/0 IDT of the surface acoustic wave filter 34 
like this example in other surface acoustic wave filters 3a, 3b, and 3c 
as well as the structure where the sense of the output IDT of the 1st 
and 2nd example was changed. 

[0051] In addition, the same effectiveness will be acquired if this 
electrode finger spacing difference is not only 0. 5 waves but 0. 5 waves 
of integral multiples. 

[0052] The effectiveness in the 4th example is further explained to a 
detail. Drawing 11 and drawing 12 are the results of measuring the 
transmission characteristic (S31) between the transmission 
characteristic between a port 1 and a port 2 (S21), a port 1, and a port 
3 [ especially near the passband ] by the same approach as the surface 
acoustic wave filter equipment 21 in the 3rd above mentioned example 
having been considered as a component of three ports and the 2nd and 3rd 
example having explained it, respectively. Here, since a ripple occurs 
in a passband under the effect of a surface acoustic wave filter which 
performed phase inversion in the transmission characteristic (S31) shown 
in drawing 12 , with S21, the amplitude does not become equal. It is 
thought that this cause is turbulence of the amplitude and a phase which 
takes place in order that the electrode finger which was probably touch- 
down potential originally by having reversed the sense of IDT with the 
3rd above mentioned configuration of the 1st - an example may replace 
the electrode finger by the side of a signal. 

[0053] Since not the inversion of IDT but the distance of a propagation 
path has realized phase inversion of 1/0 in this example in order to 
solve this problem, such fault is solvable. Drawing 13 shows S31 
property in this example. The ripple in a band improves so that drawing 
13 may show. In addition, S21 property is the same as drawing 11 . 
[0054] Next, the 5th example is explained. Drawing 14 R> 4 is the block 
diagram of the surface acoustic wave filter equipment 41 in the 5th 
example concerning this invention. Since the fundamental configuration 
of surface acoustic wave filter equipment 41 is the same as that of the 



2nd example, the same sign is given to the same part and detailed 
explanation is omitted. 

[0055] A different point from the 2nd example is that each input IDT is 
even in all the surface acoustic wave filters 43a, 43b, and 43c and 
surface acoustic wave filters 44. Furthermore in the surface acoustic 
wave filter 44, the sense of an output IDT is reversed like the 2nd 
example, and the phase inversion function is given to other surface 
acoustic wave filters 43a, 43b, and 43c. 

[0056] Since IDT of the side from which the surface acoustic wave filter 
equipment 41 of drawing 14 is drawn to all the external terminals of the 
surface acoustic wave filters 43a, 43b, 43c, and 44 is made into even, 
even if it reverses the sense of IDT, parasitic capacitance does not 
change. Therefore, turbulence of the amplitude and phase which happen in 
order that the electrode finger which was originally touch-down 
potential by having reversed the sense of IDT may replace the electrode 
finger by the side of a signal like the 4th example can be prevented. 
[0057] Next, the 6th example is explained. Drawing 15 R> 5 is the block 
diagram of the surface acoustic wave filter equipment 51 in the 6th 
example concerning this invention. Since the fundamental configuration 
of surface acoustic wave filter equipment 51 is the same as that of the 
4th example, the same sign is given to the same part and detailed 
explanation is omitted. 

[0058] A different point from the 4th example is a point of having 
grounded connection electrode 5b which carries out cascade connection 
between surface acoustic wave filter 3a and surface acoustic wave filter 
3c and of between surface acoustic wave filter 3b and the surface 
acoustic wave filters 4 to earth terminal 7b, as shown in drawing 15 . 
[0059] Thereby, the effect of the direct wave near the pass band can be 
oppressed. In addition, instead of grounding connection electrode 5b 
among the connection electrodes 5a, 5b, and 5c which carry out cascade 
connection between surface acoustic wave filter 3a and surface acoustic 
wave filter 3c and of between surface acoustic wave filter 3b and the 
surface acoustic wave filters 4, even if it grounds connection electrode 
5a and connection electrode 5c, the same effectiveness is acquired. 
[0060] According to the configuration of drawing 15 which shows the 6th 
example, since the effect of the direct wave near the pass band can be 
oppressed, the magnitude of attenuation by the side of a passband 
quantity region can be obtained especially greatly. 
[0061] As said 4th example explained, with the structure of this 
invention, the turbulence of the amplitude and phase which happen in 
order that the electrode finger which was originally touch-down 



potential may replace the electrode finger by the side of a signal, as 
described above is not produced. Therefore, even if it grounds touch- 
down or Electrodes 5a and 5c for electrode 5b among the electrodes 5a, 
5b, and 5c which connect the surface acoustic wave filters 3a and 3c or 
the surface acoustic wave filters 3b and 54, the amplitude in a band and 
a phase characteristic are not disturbed by the balanced output side. 
[0062] Drawing 16 is the result of showing change of the transmission 
characteristic in this example at the time of grounding said electrode 
5b. This property was measured with the network analyzer (50-ohm system) 
through the balun. According to the configuration of this example, as 
compared with the case (the broken line showed drawing 16 ) where 
electrode 5b is not grounded, it is distinct that the magnitude of 
attenuation by the side of a passband quantity region is improved from 
25dB to 30dB. 

[0063] In addition, what is necessary is just to reverse connection, 
when a balanced input-unbalanced output is required although all of the 
1st described above - the 6th example showed the configuration of an 
unbalanced input-balanced output to the example. 

[0064] Moreover, the same effectiveness is acquired, without being 

influenced by the substrate ingredient. 

[0065] 

[Effect of the Invention] Since IDT connected to interstage by carrying 
out two or more step cascade connection of the surface acoustic wave 
filter can be considered as a configuration without an earth terminal 
according to this invention, a buffer effect can be given. Furthermore, 
since it is considering as the serial configuration used as the 
component to which an input side carries out two juxtaposition, and the 
output side carried out phase inversion of one of two elements, moreover, 
a balanced output is obtained by about 4 times to an input impedance. 
[0066] Moreover, in invention of claim 2, since the balanced actuation 
which makes touch-down potential neutral potential is realizable, the 
surface acoustic wave filter which could oppress the direct wave 
compared with float actuation, and was excellent in unnecessary wave 
oppression is realizable. 

[0067] Moreover, in invention of claims 3-5, the sense of the input IDT 
of the side connected to the interstage of cascade connection or an 
output IDT can be changed, or when only about 0. 5 waves or the integral 
multiple of those changes 1/0 IDT spacing of the target component to 
other components, a phase can be reversed 180 degrees. 

[0068] Especially the turbulence of the amplitude and a phase from which 
the electrode finger which was touch-down potential happens by replacing 



the electrode finger by the side of a signal since according to 
invention of claim 5 only about 0. 5 waves or the integral multiple of 
those changes I/O IDT spacing of the target component to other 
components and the phase is reversed is not produced. 
[0069] Moreover, since the electrode finger number of the near common 
electrode connected to a balanced input/output terminal in invention of 
claim 6 was made into the same electrode finger number with the 1st 
cascade connection surface acoustic wave filter and the 2nd cascade 
connection surface acoustic wave filter, oppression of a direct wave is 
more greatly possible. 

[0070] Furthermore, in invention of claim 7, since IDT of the side drawn 
to all the external terminals of each surface acoustic wave filter is 
made into even, even if it reverses the sense of IDT, the effect of 
parasitic capacitance is equivalent in balanced output side 2 terminal, 
and this amplitude and a property in phase are acquired outside this 
amplitude, an opposite phase, and a band in a band in each of a balanced 
terminal. 
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DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing the 1st example in this 
invention. 

[Drawing 2] It is the transmission characteristic Fig. showing actuation 
of the 1st example. 

[Drawing 3] It is the block diagram showing the 2nd example in this 
invention. 

[Drawing 4] it is the transmission characteristic Fig. showing actuation 
of the 2nd example, and is drawing showing the transmission 



characteristic between each of an unbalanced input terminal and a 
balanced output terminal. 

[Drawing 5] It is the transmission characteristic Fig. showing actuation 
of the 2nd example, and is a transmission characteristic Fig. at the 
time of minding an unbalance output terminal. 

[Drawing 6] It is the block diagram showing the 3rd example in this 
invention. 

[Drawing 7] it is the transmission characteristic Fig. showing actuation 
of the 3rd example, and is drawing showing the transmission 
characteristic between each of an unbalanced input terminal and a 
balanced output terminal. 

[Drawing 8] It is the transmission characteristic Fig. showing actuation 
of the 3rd example, and is a transmission characteristic Fig. at the 
time of unbalance minding a balun. 

[Drawing 9] It is the block diagram showing the 4th example in this 
invention. 

[Drawing 10] It is the partial detail drawing of drawing 9 , and is 
drawing showing the relation of I/O IDT spacing of surface acoustic wave 
filter 3c and the surface acoustic wave filter 34. 
[Drawing 11] It is the transmission characteristic Fig. showing 
actuation of the 3rd example, and is drawing showing the transmission 
characteristic between an unbalanced input terminal (port 1) and a 
balanced output terminal (port 2). 

[Drawing 12] It is the transmission characteristic Fig. showing 
actuation of the 3rd example, and is drawing showing the transmission 
characteristic between an unbalanced input terminal (port 1) and a 
balanced output terminal (port 3). 

[Drawing 13] It is the transmission characteristic Fig. showing 
actuation of the 4th example, and is drawing showing the transmission 
characteristic between an unbalanced input terminal (port 1) and a 
balanced output terminal (port 3). 

[Drawing 14] It is the block diagram showing the 5th example in this 
invention. 

[Drawing 15] It is the block diagram showing the 6th example in this 
invention. 

[Drawing 16] It is the transmission characteristic Fig. showing 
actuation of the 6th example, and is a transmission characteristic Fig. 
at the time of minding a balun for an unbalance output terminal. 
[Drawing 17] It is the block diagram showing the example of use of the 
surface acoustic wave filter in the terminal for mobile communications. 
[Drawing 18] It is a schematic diagram showing the configuration of the 



surface acoustic wave filter equipment of the conventional balanced 
input-balanced output. 
[Description of Notations] 

1 Surface Acoustic Wave Filter Equipment 

2 Piezo-electric Substrate 

3a, 3b, 3c Surface acoustic wave filter 

4 Surface Acoustic Wave Filter 

5a, 5b, 5c Connection electrode 

6 Input Unbalance Terminal 

7a, 7b Earth terminal 

8 Series Connection Electrode 

9a, 9b Output balance terminal 
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[0027] ttz, Wtt^H&7 ^/^3a i:P14^H 
iS7 4)P9 3c im— CDfatFCDXt) I D TAX/ ffiTJ I D 

[0028] 5¥14^HiS7 ^;P^4(4. -eoA^i I DT 

#WttaHi£7 ^;l/^3b Otti^ IDTt |SJ— (T>$\% b 
^TBl -€-<?5tB^JIDT3&qitt^®ft7-f/^3b 

[0029] ^-fe. #Wtt^ffiiS7 ^ I dt&i; 

[0030] ZcoffimizJ: *) , WttSffliS^ ^ 3 

a. 3 b. 3 c{4Am*^Eii#'ffit:^tt^^l*IT'W 

set taffl^rtt^H 1 1 * o , mtmm^Ly 4 a (4 

Wtift7^^3a, 3 b. 3 c fc*f LAftTJWft 

ffl^'ffi*^ 1 8 0 JKM^r £>-£T v . 
[0031] z<nim&^<nWtf&ffl5ith. XMUfrt> 

co-mmmE^-ii^vm^e^^x^ti. % commit 

W&mmWiy 4)V9 3 a. 3btfeUt^BStti2 
ixfcfS:. St^ttmft-? b * ottl 5a. 5b. 5cfc 

afttj § ixS . £ £ T»flHi£:7 ^ATJffliJ 

{4^T«A7lffl^ 6 &tP«*fiS|&? 7 a . 7 b fcflBRS^l 

x\^h<nx\ fm&mmeth . xt>mcomm^T7 

a . 7 b t^&^FPftlA^S^ 6 £*5W-& A7Jfi-f-« 
£E{4Wtt^H&7 4)V?mWl kltLXtittm&WiM 
=? 9 a . 9 b cor^I^^£^$$;fl&cDT-£> S 

ifi. m'\tmm&y 4 ivvmw. 1 wmskvm&mmc? 

^^fcSSW-ft«S5a, 5b. 5 c fcSSWHFfcift 
ttT V ^ V ^O-C. SSSiffF- 7 a . 7 b »f^« Sr^tt-r fc 
A7^fl-^(4!¥tt«i!fe7 ^/^3c aVWtt«^7 ^ 

Tl>l»£?)tfiaiMf9a, 9 btC(4SVHcMfficDfI 
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[0032] m2i±mMLtzmi^>mmuz7jk^ti^m 
t , mmam i tonssMSr^-rii i fc*s its a*iw 

6 ( * - M ) fc tii^i FPffiST 9 b ( ^- b 

3 ) ^rs^mm^ ( s 3 1 ) ir^L, xm2tcj3v^t 

ST9 a h 2 ) *>IH0>feS3S!&tt ( S 2 1 ) £^ 

[0033] 3¥ttjSH^7 * 1 cOAitiJlJ 

3b. 3caVS*tt^Btt7^7l'^4liffl*IDT<^|«J 

T\ |h| t»tt-f v t-^yx Z 0 2rWo . z z x\ ?m 

m.m$.y 3 a 1 3 bti«sw(cMWfcSSK3ivr 

i > i cott WA^ST 6 a. jia -i y u z 

{f^mifi ooQ^ftfi-i yt-^y^t 

;JM >-b°— ^>X5 0£A tfJiJHyt— ^2 0 OQ 
[ 0 0 3 4 ] , ^6HfWCW3|lfiSlifift7 4 )V9 4 

iiijj I DT<7)B%t$:W&Mm%l7 A )V9 3hC0A?> I D 

< , &£mmm».7 * tv* 4 «as i d t«m^w 

&$kW%l7 -<)V? 3 bcom^J I DT<?3J^RfcJS<0|*lStfc: 
ffljg^ ^/^3b CO AS] I D TCOMt |S)— tOft^ t L 

[0035] mz^comnmi/z-o^xm^t^. 03 
x\ 0 1 iasi 1 commmt ra— aft^w±ra— 

[0036] H3fc^H-i 0 3¥tt^HiS^ -f/l^S 
Ml l(i. £EK£«2±fc»iftS#ut4* : ftf5S¥tt^H 

[oo37]m <7)mffiMbm&h£u, m 1 <nmmm 

coffin I DT^Tt^J^mffiSt'fl^WfcH^J^LT 

c avaiftMft? * /i^ 4 omsi 1 d t^mst 1 

Q\z^K^Ktm^ftX\^ysX'hh . 

[0 0 3 8] H4{ilg20||]ffi^J^-rif)St;i5^T. 
^tt«i££IS 1 1 * H 2 £ |S]«c7)fEM^tt ( S 2 1 a 



VS31) ZM'Ml,tzh<7)X°foh , -t^fo-h. xmpr 

WfF 6 ( jr°— h 1 ) k fclJlMW- mSFF 9 b ( b 
3 ) C0raofE»ffi ( S 3 1 ) illltSL, A|sI0rt 
fctiV^A^fflPPFflffSffpe (sK-M) tWfft 
ST 9 a ( ^- h 2 ) ^rHlOfeiM^tt ( S 2 1 ) 
X'^Lfz. ZZX\ W!mL^^^t5 0QXtmtX 
. H4 =fc -5 mi fOUMf^fEiMftt 
$-^tH2 tJtKtT 1 GHzjaia<7)It5g^T^l 0 d 

[0 03 9] i/S, H5(i2|s:|IMf!ltfc^T. TtrffiS) 
WM^^^tL^fe^ftt (S2 1 ) ^^t^lS*T* 

S . ;tLt«Oi^M»7 ^ ;t^^^M l l <7)fH* 
[0040] «fc o T , H 2 coHJf ^iJcoffisJct J: ft{f Jf Ifi 

me Sr Ttmfi i: -r h ^mm^mMx %&cox°, 7 a 
[0041] mzm3<7>mfeMi<zi\ l \xwR-t&, me 

[0042] m2<7)mmMkm%:z> *t±. mznmsm 
xxtw&mmfcy 4)v?3?l k w&mmk7 4 >i-? 3 c 

14H— (7)^&^A* I DT^Vm* I DT^^ffCV^ 
tt^Hi^7 4)V-9 2 3c ti^CDft & <^ASJ I D T^V'tiJ 
[0043] itL«. ^ft^MiS7 ^/W23c Wffi^J 

ftsf 9 a ix-sfi \&nmmm?mm.nm t ?m 
mmm 7 < )v* 4 co m ^^wsrf- 9 b s k h mco 

^M2 3c OtliAl¥ififfi5T9 a tSf 

tH^¥«f^ 9 a tjf^ L , Wffil^H^^ ^ ;P 

2 4co[nti^m^9 bizim^ti^m^mts 1 dto 

bSrfiMLT^S. 

[0044] *4J, H6i:i4itt. ^tt^ffi^7^;t^^ 
2 3 c COaj^fmPSB^ atBSHESasaj* I DTCOtf 

st 9 a $■ mmmm t . ^tt«iS7 ^ /i^ 4 com^T 

8JST9 bfc«M$iX.I»IlJO£iJ^ I DT^ttftM 
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mm.y * )v? 2 3 c comti^m^ 9 a izmmztihiM 
cr>immmcr>wm^m. t w&mmm. y << jv 9 4 co & t> 

a* . is] t«ffi^*Mi^*a«st=ifts s tt 4 <dx- h ti 

[0045] 43KHfHo^£HW£aw^& o 0 7 ia 

*H#fiMC^v^T3¥tt^Hfe7 * ;t^$IS2 1 3^- 
hOfg^ t LX^t. 5 0 03fi(?5fi3SlRrt£*a^t/£fc 
<0T*«. H7tci3UT, A^fflFFFffiS&T- 6 (df— h 

i ) k as*flmifaHF9 b ( h 3 ) ^la^^^fs 

( S3 1 ) SSSKTiSU XHHl*ifc:*iVvtA*fflpPffi 

SfiHf6 (sK-M) tMWfSf9a 

2 ) coHeD^^ftt ( S 2 1 ) *WB.X^Lfz* Z Z 
X\ M&L&WBFFti 5 0Q T* LX v ^4 . 

[0046] ^ffi^lMIHCfcVvtS S/NJt£#&£ 

BraffifflTftiifcjwaiHr^. x, aiswRiM 

a***!!** 1 * 4 t MlEEfttfS&fW-* £ b iii WC* 

«. r;?, Ei7<7)sm*^0j^^J:5t*njtMt 
xmmk\,z%hti&fcm¥& ( s 2 1 ) s^uatis*? 

*>S. £ftfeOijgfliJi5¥tt*Mi£7' ^;k^lt2 1 colli 

Mllff SrS^ 9aJW9bfc, 2 0 0 Q ^O^MttTJ £ 

L fc»<oeS#H!fcT* 4 . nflB 2 o&ffcHO H 5 
i: #§ISS#!l<7)H 8 toifcRfctj i , *SI*feMt: i #Uf i 
0 ±% < i!GiS«9iM6& t WC* 4 i b & B M £> frTfo 

[0047] mzm4<nmnmi l z^\ l ^xmwi-& . 09 

;^lt3 1 eofl&atHT* 4 . SMMfft? i fr?mw 

3 1 cOX^lWf fiSc(i:ff? 2 OHJfi^J i: 4 fcft 

[ o o 4 8 ] m 2 t jsttt s m 2 o^jt^j 

T-{±3¥14^Bjg7 4 4 <7)A7J®J I D TO^l^ 
^-ttT^O^MLT, A7J I DTifcliiftfJ I DTO 
i^l^lif i t»ttSIM7 ^ 3 4«A** 1 d 

3cb 0 . 5 Sfegrtft-mSr <bitT v * £ j£*C* 4 . 

[0049] hi o imt±mm$iy ^W3c atxwe 

mm'i&y HV9 3A ftiEO— aSR^ETCft * . HI 0 

<£ a fc, ^'It^ffi&y 4/^3c CDXiHiJ I D TO 
tt«rai5B£: 0.75 ifcKtctSjE LT ^ h . 4 , HI 

b i d T?Mm%mm£ 0.75 SE^t 



ffiiS7^;P^3a, 3b, 3cC0mW^PS^it^TiD 
fctffaO. 5jg*M^^-^Ti^o 

[00 50] *niffi^jo «t a t;5ltt^Hjft7 ^;^34 

3a, 3b, 3cfci4(aaro. saift/sttsi*^*^ 

t»Sr6-fr/£flKif: ffio?¥tt^HiS7 ^ ;1-^ 3 

a, 3b, 3ct^LT5¥tt^H^7^-;l-^3 4 0Attl 

*«0tiffl4#1feWB 1 8 OJSM^^-iir^ £ i: j^'T'S 5 . 
[ 0 0 5 1 ] sfirfe. ^Ofl:»irBlPBI^(i, 0 . 5tIC 

rs^-t. o. 5*«<oaaR«T»*u/. raKfosMi* 1 * 

[00 52] ^^satWttittiJftS^v^TS^fc: 
patBJBJf 4 .011 &Z/m 1 2 Ji-tn-fSfiWIBLfc 
m3WHSS^i>ftS3¥'l4*ffl^7 j)V?mW.2 1*3 
*f- h C7)H^ b L T # i , m 2 , H 3 OUSS^JTM L 

!to i: mmttmTtf- hi b h 2 ^^gjistt 

( S 2 1 ) fcTjf-M fc h 3 H<oe3SWtt ( S 3 

1 ) ^^tas^^f^^^TiiosLfc^T-ft^. 
m 1 2 fcjjrreaH*tt ( s 3 1 ) izm^xitu 

'J •/ 7V^'^-t h fcft . S2U li&ftfittg: t 
<^^>=SrV^ l !OJlH(i? i S:A.<, fltrlBLfc^l-^3 0 
HJfi^J^«JST"{4 I D TflD|*F§ SrilfeL/t i i: t J: 0 , 

[00 53] ClcoraflSrjS^-r4^a6tc*||JtMT1i: I 

HI 3li*|g|fcWfctittiS3 l#ttSr^L^i>co-Cfe 
4. Hi 3 ^4.^4 =fc 5 fc^p'gco ij -/7VWieSc#§ 
*irv^. ^S2 lWttfiHl l fcHtT&ft. 

[00 54] J^tm 5 OHJfiMtO^TiJBJ-r 4 . H 1 

4 \%*&m \zmioh m 5 commm fc*s tt 4 3¥tt«aa 7 

-* /l^^gB4 1 <7>« J^HT-Sb4 . W'I4^M^7 ^ 

E4 1 c^m^m^Xt^ 2 OHJfi^iJ t 4 £#>|S] 

[0 0 5 5] W,2cnmm\bW£h 3¥tt^H»7 

^;tx^4 3a, 4 3b, 4 3 c i;^'l4^M^7 4 )V? 4 
4^TtfcV^T^iX-rfLOA7J I DT^ffiifcfcT&S 

m 2 commm t t mTj i d t o ffi] § **a*K tftw^ 

tt»7^W4 3a, 4 3b, 4 3 c t3*f LTfSffl 

[00 56] Hi 4 OWMffli? 4 )V^mm.A 1 (i# 
tt^ffl&7 -f 43a, 43b, 43c &lf4 4 CO^: 

x co^m^^m &£ti& mn i d t ^fsm* ^ § tix 
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mmmcrMmmtevth & tzmzmz h mm t imcon, 
[0057] mzmecnmmm^^xmm-th , m i 

%-mwzim-™^ ft t mm%mmizmv$~tz> . 
[0058H4 commmt m%&&n, 015 iz^k-t 



3 c ^rHm^Wttaffl^^ 4 )V9 3 b t $M4fM?:7 ^ 

;i^^4 fop 9 i^^»Mt--g)«^mffi 5 b zmwi^ 7 b 

(cfflftLT^I>^,-Cft£, 

[00 59] HtlizX 9 , MiilijSfiT-^itjiiS^^ 
£OTJ±Tf-.g> i h ^'T-i £ . &*3, 5¥ttaB«7 ^ /k? 3 

?3h bm^mm&y a jv? a nrnzmmmmthim 

WM 5a, 5b, 5c«5 -hmMMM 5 b SrifitiJ-f £ ^ 

[0060] m6 commmz^-tm 1 5 ^ffsJtt ^n. 
[0061] mieiS4^iijfi^j-c«L^ ± at, 

i: 3 c ft & V ^i:3¥tt^HS[:7 4 A-* 3 b fc 5 4 
l»t!5a, 5b, 5 c^a *>«ffi5 b ^fitf , ft&V> 
ttti 5 a t 5 c ^ffifffiLT fcYffiai^JfflCCW^FMiOffi 

[ 0 0 6 2 ] a 1 6 IdfttiBtff 5 b SrSflfit3t*^<503|s: 

<9#ftfci^>'£:frLT*>y W—VT-lr^AJf ( 5 0 
Q^) XMfcLfz, MSbStSStt^rVt*^ (116 

i: ^X{f ilii^ft i^flU^OMmM^ 2 5dB^30dB 

[0063] ml iajitcaKfeffs i —me <z>susfflt±£ 

[oo64] ttz, mm.mmiz^$tihz\t^<mm 

[00 6 5] 

s*s«^tf ^ir-s r fc ± o , afatssasfis i d 

TJiSfflfiJtfPtiSfc^rv^liftfc^&i t^t'S Scot, 
IMH&StJ^-fr^ii:* 1 ^**. 3 fete, A7Jffii3:2 



tzM^Fb Ltzm.¥\<r)m$Lt LTV^crc, A*-f 
yy x izM L X m 4 fit t L * 3 fc ¥ fir * ti ^> ^ 4 . 

[0066] 4>t. ff^iI2^0Jf (£, fiitfiStf 

izit^x mmmm&x-^ ^mm&izMtitzmmim 

[0067] i , ll^Jf 3-5 O^BJ5T1i , ffiMJf M 

mmrzimtc^h ; t oeffl^ 1 s o«Ris§-<i: 

[ 0 0 6 8 ] Wfc. it*3!5<0»WfcJ:*Uf. M^t^ 
StfWAtHA I DTRIBItflfi<?53im^tT»0 . 5 

mm,iiLXh -> tzwm^Hm^m^WMMz 

[0069] ff^il6^BjT1iTSfAffi^^ 



[0070] S ll*il7O^0J!T(i, #^14^ 



[0i ] *f^fcfcft*»i<»ait^**^iiiSHtr* 
[02 3^1 ^M^loil(#^^feji!^tt0T'abS . 

2 ODltEtm Sr jjrfMiSErtr ft 



[03] *JKBfcfe(t4J 

[04 ] n 2 nmmetimz ^mmm-mx-h o , 

^-T0T'ft i . 
[0 5 ] 2 ^^M^JcOKl#^^t-f5ii#tt0T"ft 0 , 

^w-mmtit^T^^^yiziYLfz^coi^mmx^ 

[06 ] ^BBtfe(tSm3c7)S|JfiM^^ffi^0Tft 

[ 0 7 ] m 3 ^nsfefljos&fE ^stfsstsiri, o , 
^-f-0-r-ft s . 

[08 ] IS 3 ^HJfi^JO«Jfl5^*t-fE^#tt0T-ft 0 . 

5FF«f aj*«HPfc^ ^ * ^ LtzM^coimmtmxh 
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[09 ] *miteteft&&4emtim**?fmf8MT3b 
m i o ] m9co^mmmTh o , w\tmmm.y < )v 

[011] Jg3OSIMMoiJr^£^rfEM«tt0T& 
[012] ^3OSISSMO»^^^-rfEill«tt0T'S) 

h3) wiaflotsasttt^HT**. 

[013] ^4c7)HSSM^»^^^f53t#tt0T-fc 

[014] *^Bat^(tsm5<7)sis6M^^-rfflfi!c0-c 
[015] *wm&fthm6<nmm*m-m$mx' 



[016] ^6OHJft^i6ffSr*^sM#tt0-CS> 

[017] mmMmmmzte&n&w&mmwt.7 4)v 
[0i8] t&^w-ffixti-^m&Jinwmmmtiiy 4 

2 j±ms« 

3 a, 3b. 3 c W&&ffi%l7 4 fr? 

4 3H±^HS[7^7W^ 
5a, 5b. 5 c ffiggflS 
6 ATJ^TM^ 

7a. 7b mm=F 
8 n^qeams 

9a. 9b ftJ^j^FI&afff- 



[01 ] 



[02] 




(dB) 



-20 



-40 



-BO 





1 -t 1 




















S 2 1 

■ ■ 



mm (mhz) 



3000 



3 b 



5 b 



5 c 



[124] 



CdB) 



-20 ■ 



-40 



-80 



— BD - 




CdB) 



-20 - 



-4C - 



-60 - 



-80 



mm. (mhz) 



30DD 




J3ft& (MHz) 



3000 
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CIM3] [07] 
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[HI 1 ] [EH 2] 




